Purpose: To evaluate the diagnostic value of combining the neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR) or lymphocyte-monocyte ratio (LMR) with carcinoembryonic antigen (CEA) in patients with colorectal cancer (CRC). Patients and methods: The diagnostic performance of inflammatory makers and CEA was evaluated in cohort 1 (664 patients with CRC, 336 patients with colorectal polyps and 664 healthy controls) and validated in cohort 2 (87 patients with CRC and 87 healthy controls) by using receiver operating characteristic curve analysis. Results: In cohort 1, the NLR, PLR and CEA levels were significantly higher, while the LMR was markedly lower in patients with CRC than in healthy controls. The PLR and LMR were significantly associated with invasion depth and lymph node metastasis. Moreover, significant differences in the PLR and LMR were observed between patients with stage I/II CRC and healthy or polyp controls and those with stage III/IV CRC. Using the NLR, PLR or LMR with CEA resulted in a significantly larger area under the curve (AUC) than any of them used alone. Combining the PLR and LMR with CEA exhibited the best diagnostic value for CRC (AUC=0.892). The AUCs of this combination were 0.864 and 0.783 for distinguishing stage I/II CRC from healthy and polyp controls, respectively. When we used the same cut-off values to assess the diagnostic ability of these markers in cohort 2, similar results were observed, and the PLR, LMR and CEA combination also showed the highest accuracy (AUC=0.936). Conclusion: Combining inflammatory cell ratios with CEA could improve the diagnostic efficacy for CRC patients. The combination of the PLR and LMR with CEA might be a valuable indicator in the early detection and monitoring of CRC patients.
Introduction
Colorectal cancer (CRC) is one of the most common malignant tumors around the world and ranks third in morbidity and mortality.
1 Over 1.8 million new colorectal current diagnostic methods for early CRC are still not effective. Fecal occult blood tests are widely used to screen CRC, but they have low sensitivity and specificity. Colonoscopy is considered to be the gold standard for the detection of earlystage CRC. However, it is limited from being a regular screening method because of its expensiveness, invasiveness and risk during the examination. 5 Carcinoembryonic antigen (CEA) is regarded as the most important and common serological biomarker for the detection and monitoring of CRC but has insufficient sensitivity and specificity. 6 Hence, it is urgent to explore non-invasive and valuable diagnostic biomarkers for the early diagnosis of CRC.
Recently, a large number of studies have shown that inflammation is associated with the development and progression of various cancers, including colorectal cancer. [7] [8] [9] Inflammation promotes carcinogenesis, and inflammatory indices reflect the systemic inflammatory response. 10 Peripheral blood inflammatory parameters are easily measured and widely detected for patients with CRC in clinical practice. At the same time, there is growing evidence that circulating blood inflammatory markers, such as the neutrophil-lymphocyte ratio (NLR), the platelet-lymphocyte ratio (PLR), the lymphocyte-monocyte ratio (LMR), C-reactive protein, haptoglobin and albumin, are correlated with the diagnosis or prognosis of CRC. [11] [12] [13] [14] [15] The NLR and PLR have been reportedly found to be associated with invasion depth and tumor stage and can be used for the early diagnosis and outcome prediction of CRC patients. 16 The LMR has also been reported to be related to tumor differentiation grade and metastasis and can thus provide valuable information about diagnosis and prognosis in colorectal cancer. 17 Recent studies indicated that the combination of inflammatory parameters and tumor markers has better diagnostic value for malignant tumors. [18] [19] [20] However, little is known about the diagnostic efficacy of combining inflammatory biomarkers with tumor markers in CRC. Thus, the aim of this study was to evaluate the single diagnostic accuracy of the preoperative NLR, PLR, LMR and CEA levels in CRC patients and investigate whether the combination of these biomarkers could improve diagnostic efficacy.
Materials And Methods

Study Samples
In this study, cohort 1 included 664 patients with CRC, 336 patients with colorectal polyps and 664 healthy examinees matched by sex and age. In cohort 2, there were 87 patients with CRC and 87 sex-and age-matched healthy 
Methods
The pathological features and blood tests were obtained from postoperative pathology and preoperative laboratory examination, respectively. A 2 mL EDTA-anticoagulated blood sample was collected to detect the counts of inflammatory cells using a Beckman LH 750 analyzer (Beckman Coulter, Brea, CA). The NLR and PLR were calculated by dividing the absolute number of neutrophils or platelets, respectively, by the absolute number of lymphocytes. The LMR was calculated by dividing the absolute lymphocyte count by the absolute monocyte count. A 2 mL serum sample was obtained to examine the level of CEA using the chemiluminescence method with a Beckman DxI 800 machine (Beckman Coulter, Brea, CA). The average time of sampling from CRC patients was 3 days before the date of surgery. All fasting venous blood samples were collected from the enrolled cases and controls between 6:00 am and 9:00 am and analyzed within 1 hr after venipuncture. Internal quality control and external quality assessment were applied to validate the quality and comparability of the test results.
Statistical Analysis
The statistical analyses were performed using SPSS 24.0 (Chicago, IL, USA), GraphPad Prism 7 (San Diego, CA, USA) and MedCalc 15.2.2 software (Mariakerke, Belgium). Continuous variables are presented as the mean ± standard deviation or median (quartile). The normality of the calculated variables was assessed by using the Kolmogorov-Smirnov test. Student's t-test and the Mann-Whitney U-test were used for normally and nonnormally distributed data, respectively. The Kruskal-Wallis test was applied for comparisons among three groups. The chi-square test was used to compare categorical data. The combined diagnostic ability of the inflammatory cell ratios and CEA was assessed using binary logistic analysis to calculate the overall predictive probability and was further evaluated using receiver operating characteristic (ROC) curve analysis. ROC curve analysis was performed by MedCalc version 15.2.2 to identify the diagnostic value of the NLR, PLR, LMR and CEA level, which was determined by calculating the cut-off value, area under the ROC curve (AUC), sensitivity, specificity and Youden index. P < 0.05 was considered statistically significant.
Results
Baseline Characteristics
The clinicopathological characteristics of the patients in cohort 1 and cohort 2 are summarized in Table 1 . Age and sex did not differ significantly between CRC patients and healthy controls in either cohort 1 or 2. In cohort 1, compared with healthy controls, CRC patients had significantly higher levels of circulating neutrophils, platelets, monocytes, NLRs, PLRs and CEA as well as lower levels of lymphocytes and LMRs. Similar results were observed in cohort 2.
Associations Between Clinical Characteristics And Pretreatment NLR, PLR, LMR And CEA Levels
As Table 2 shows, in cohort 1, the level of the NLR was significantly related to invasion depth, but no significant differences were observed in lymphatic metastasis, distant metastasis and TNM stage. The PLR level showed a significant correlation with invasion depth, lymphatic metastasis and TNM stage. However, no significant relation was identified between the PLR and distant metastasis. Decreased LMR levels and increased CEA levels were significantly associated with the depth of tumor invasion, lymph node metastasis, distant metastasis and TNM stage.
In addition, compared with 349 age-and sex-matched healthy controls and 336 polyp controls, the levels of the NLR, the PLR and CEA were significantly increased, whereas the LMR was obviously decreased in early-stage CRC patients in cohort 1 (Table 3 and Moreover, using any two of these inflammatory biomarkers combined with CEA produced a larger AUC than using a single inflammatory marker with CEA. The combination of the PLR, the LMR and CEA had the largest AUC (AUC: 0.892, 95% CI: 0.874-0.908) of all types of combined biomarkers (Table 4 and Figure 2 ). When we used the same cut-off values to evaluate the diagnostic accuracy of these markers in cohort 2, similar results were observed, and the combination of the PLR, the LMR and CEA also exhibited the best diagnostic value (AUC=0.936).
Diagnostic Efficacy Of The PLR, LMR And CEA Combination For Early-Stage CRC Patients
Our results indicated that the combination of the PLR, the LMR and CEA was the best combination for the diagnosis of CRC. Therefore, the diagnostic efficacy of this combination was further evaluated in early CRC. As Figure 3 shows, in cohort 1, the AUC values of the PLR, LMR and CEA combination were 0.864 (95% CI: 0.836-0.889) and 0.783 (95% CI: 0.750-0.813) for diagnosis of early-stage CRC patients from healthy and polyp controls, respectively. 
Discussion
Chronic inflammation plays an important role in promoting tumor initiation, invasion and metastasis. 22 Patients with inflammatory bowel disease are at an increased risk of developing CRC. 23 The NLR, PLR and LMR are the most commonly used indicators of systemic inflammatory response and have been reportedly associated with poorer outcomes in CRC patients. 12,24,25 Kilincalp et al analyzed 144 CRC patients and found that the preoperative NLR and PLR were significantly higher in the CRC patients than in 143 age-matched and sexmatched healthy participants, which suggested that the NLR and PLR might be used as potential biomarkers for the detection and monitoring of CRC. 16 Our study indicated the same result that patients with CRC had elevated NLRs and PLRs compared to those in healthy controls. In addition, our results showed that the level of the LMR was significantly lower in CRC patients than in healthy controls. Although growing evidence has revealed that inflammatory markers seem to be promising screening factors for CRC patients, inflammatory indices are associated with various diseases and are easily influenced by a variety of other factors. Thus, the use of a single inflammatory marker for the detection of CRC may produce deviations. To reduce the interference of other factors, combining markers of other mechanisms may provide compensation and improve the diagnostic performance. Recent studies have reported that combining inflammatory biomarkers with tumor markers could increase the diagnostic efficacy of malignant tumors. CEA, a serum glycoprotein, is secreted by tumors located in hollow organs and is the most widely used marker for CRC, but its diagnostic accuracy remains limited due to its unsatisfactory sensitivity and specificity. 6 Our results demonstrated that using inflammatory cell ratios with CEA was superior to using any of them alone for the diagnosis of CRC. We found that combining the NLR and PLR with CEA produced larger AUC values than using the NLR, the PLR or CEA alone, which was consistent with the findings of a previous report. 18 One of our interesting findings was that the combination of the PLR, the LMR and CEA had significantly higher values than single or other combined biomarkers in the diagnosis of CRC. To our knowledge, our study is the first to investigate the diagnostic role of the PLR and LMR combined with CEA in patients with CRC. Another interesting finding was that CRC patients with early stages exhibited significantly elevated PLRs and decreased LMRs compared to healthy and polyp controls, suggesting that the combination of the PLR, the LMR and CEA could effectively distinguish early CRC from healthy and polyp controls. Moreover, our study demonstrated that both the PLR Abbreviations: CEA, carcinoembryonic antigen; CRC, colorectal cancer; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; LMR, lymphocyte-monocyte ratio.
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and LMR were significantly different between patients with early stages and those with advanced stages, which is similar to the findings of previous reports. 11, 26 Significant differences in the PLR and LMR were observed between patients with early stages and healthy controls, benign controls or those with advanced stages, suggesting that the two markers may contribute to tumor initiation and progression. Moreover, the PLR and LMR are routinely detected not only in the pretreatment assessment of patients with CRC but also in the physical examination of healthy people. Therefore, the combination of the PLR and LMR with CEA might be a potential marker in the early diagnosis of CRC. Our results can be explained by the following mechanisms. Cancer-related inflammation, the interaction between cancer and the systemic inflammatory response, is an essential process in malignant tumors. Platelets are conducive to tumor growth, angiogenesis and metastasis by producing growth and angiogenic factors, such as vascular endothelial growth factor and basic fibroblast growth factor. 27 Additionally, platelets provide favorable conditions for cancer cells by aggregating around them, including immune surveillance escape, shear stress protection, prosurvival signals, adhesion to the endothelium and extravasation. 28 Interactively, cancer cells, through their oncogenic transformation, can release many platelet agonists, such as adenosine diphosphate, thrombin, thromboxane and microparticles, which participate in platelet activation and contribute to thrombocythemia in cancer patients. 28, 29 In fact, according to a previous study, CRC patients with high preoperative platelet counts exhibit poor survival. 30 Lymphocytes, which play a crucial role in cytotoxic cell death, can inhibit the proliferation and metastatic spread of tumor cells. 31 The spontaneous apoptosis of peripheral T cells is frequently observed in cancer patients and may be stimulated by programmed cell death-1, lymphocyte activation gene-3 and caspase-3 activity. 32, 33 A decreased peripheral lymphocyte count may indicate the hypofunction of immune surveillance and inferior lymphocyte-medicated immune response to tumor progression. Peripheral monocytes are recruited to tumors and differentiate into macrophages by a wide variety of growth factors and chemokines produced by tumor cells, Abbreviations: AUC, area under the receiver operating characteristic curve; 95% CI, 95% confidential interval; PPV, positive predictive value; NPV, negative predictive value; +LR, positive likelihood ratio; -LR, negative likelihood ratio; CRC, colorectal cancer; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; LMR, lymphocyte-monocyte ratio; CEA, carcinoembryonic antigen.
such as colony-stimulating factor 1, macrophage-stimulating protein, transforming growth factor-β1 and macrophage inflammatory protein-1α. 34, 35 Macrophages can initiate tumorigenesis and promote tumor progression by producing high levels of reactive oxygen, fibroblast growth factor and so on. 34, 35 Recent studies have reported that lymphopenia and monocytosis are inversely correlated with poor prognosis in patients with CRC. 36 According to the above mechanisms, the NLR, PLR and CEA levels seem to increase with tumor progression, whereas the LMR is likely to decrease with tumor progression. A significant difference in the PLR, LMR and CEA levels between early CRC and advanced CRC patients was observed in our study, which is in agreement with these mechanisms. Therefore, this combination may also be a simple but effective marker for identifying whether the tumor is progressing in the monitoring of CRC.
This study has several limitations. First, it was a singlecenter and retrospective study, which might result in selection bias when collecting information on participants. Second, the method was highly standardized, and the enrolled individuals were almost all from Guangdong province; thus, the results may not be applicable to other regions. Third, the population of external validation was small; therefore, more external cohorts are needed to confirm these results.
Conclusion
In conclusion, the NLR, PLR or LMR in combination with CEA can improve the diagnostic efficacy of CRC. The combination of the PLR, LMR and CEA level might be a useful indicator in the early detection and monitoring of CRC and has better diagnostic value than other combined markers.
